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Select angles ( o )
Yb1-O3-Yb1a 108.37 (4) Magnetic data Photoluminescence quantum yield measurement PLQY = N em / N abs (eq. S1)
The photoluminescence quantum yield (PLQY) of the sample was calculated from the number of emitted photons (N em ) and the number of absorbed photons (N abs ) at the excitation wavelength using equation S1 as previously described. 1 As non-emissive blank, measured under identical conditions used for the emissive sample, either a cell filled with BaSO 4 powder or an empty cell were used. The absorbed photon flux and the emitted photon flux, required for determining N em and N abs , were obtained by separating the measured spectra of the sample and the blank into an excitation and an emission region. The absorbed photon flux results from the integrated difference of the spectrally corrected signals of the blank and the sample in the spectral range of the excitation, here 362-388 nm, with the blank signal providing the incident photon flux that is weakened by sample absorption. This yields N abs . The emitted photon flux, hence N em , was obtained from the integrated difference of the spectrally corrected sample and blank signals in the spectral region of the Yb III emission, here 900-1060 nm.
Due to the lack of a blank with scattering properties and a reflectivity closely matching that of the sample, two different blanks of varying scattering features and reflectivity were utilized. Scattering BaSO 4 powder filled into the measurement cell was chosen as a blank with a high reflectivity and an empty cell was used representatively for a non-scattering blank of low reflectivity. This procedure provides a range of PLQY values for the SMM, thereby accounting for contributions from the nonoptimum blanks.
The PLQY values obtained for the Yb III emission of the SMM complex with different measurement procedures, i.e. using different blanks (a -cuvette filled with BaSO 4 , b -empty cuvette) and integrating ranges, are summarized in Table S5 . For each blank, a mean value and relative standard deviation are provided; the number of measurements used for the calculation of the relative standard deviations are also included. As the measurements using the empty cuvette as blank yield a higher uncertainty, the PLQY of the Yb III emission of SMM given in the manuscript was calculated as a mean of the values obtained from the two independent sets of measurements a and b. This gives a PLQY of 0.43 % when the emission signal is integrated over the range 900-1060 nm. Table S5 highlights also the dependence of the calculated PLQY of the Yb III emission on the chosen range of integration. This influence is evident from Figure S7 , displaying the Yb III emission, stretching from roughly 900 nm to 1150 nm, and the different integration ranges used for the calculations of the PLQY values reported in Table S5 . For example, the use of the wavelength range 965-990 nm, centred in correspondence of the sharp band at 978 nm, yields a PLQY value of only 0.11%. This underlines the need for providing the integration range used to assess PLQY data. [1] integration range 900-1060 nm [2] integration range 900-965 nm [3] integration range 965-990 nm [4] integration range 990-1060 nm 900 950 1000 1050 1100
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[3] Table S5 The integration range used for the Yb III emission can be also affected by the detection system used as the wavelength region of about 950 nm to 1100 nm is particularly challenging. This is highlighted in Figure S8 comparing the Yb III emission spectra obtained with two instruments using different types of detectors, here a silicon CCD used as detection system for the integrating sphere setup and different PMTs employed as detectors for the spectrofluorometer. Due to the limited spectral sensitivity of the silicon CCD at wavelengths above 1000 nm, the Yb III emission band could not be fully resolved with the integrating sphere setup and was cut off at 1060 nm. This leads to an underestimation of the absolutely measured PLQY by approximately 10 %. Considering this underestimation, the PLQY could reach up to 0.47 % for the integrating range from 900 to 1150 nm.
Fig. S8.
Ligand-sensitized emission spectrum of the proposed SMM obtained in the integrating sphere setup (A) and the spectrofluorometer FSP920 by Edinburgh Instruments equipped with three different detectors covering the wavelength range from about 300 to 1700 nm (B). For the measurements shown here, a NIR_R5509P detector was used.
Discussion over photoluminescence quantum yield measurements
The PLQY of the system under study was calculated to be in the range 0.4-0.5% This value is in line with others reported in the literature for Yb III complexes (values of selected systems are presented in Table S6 ). However, it is important to consider that the system under study represents a particularly challenging one in terms of absolute PLQY determination because of its relatively small PLQY, the wavelength region of its emission (which is not sensitively covered by many common detection systems, particularly not by silicon and InGaAs CCDs typically used as detectors for integrating sphere spectroscopy), and the lack of a nonemissive blank with a truly matching reflectivity (as often encountered for crystalline samples).
As briefly mentioned in the main text, many variables contribute to complicate PLQY measurements. This in turn hampers a comparison of PLQY values obtained for different systems measured under different experimental conditions and with different experimental setups. Major hurdles are:
1-The spectral correction of the emission signal accounting for the instrument´s wavelength-dependent spectral responsivity 2 is challenging in the spectral region of Yb III emission. This is particularly true above 1000 nm where the sensitivity of frequently used silicon CCDs steeply decreases (see Figure S8 ) and the sensitivity of InGaAs CCDs is often not yet sufficient to detect very weak signals. 2-Reabsorption of the Yb III emission by Yb III is of great importance for measurements of solid samples with an integrating sphere with its enhanced optical pathlengths. 3 3-The choice of a suitable blank for measurements of crystals and powders represents a major hurdle to the measurements. 4 Only a wise choice of the blank (with a reflectivity closely matching that of the sample) allows for the precise determination of the number of photons incident on the sample during the absolute measurement of PLQY. 4-The wavelength range used for the integration of the emission has a major impact on the obtained PLQY value as highlighted in the previous section, in Table S5 and in Figures S7 and S8.
All this given, the PLQY values of our Yb III SMM fall within the range of PLQY values observed by other groups for Yb III complexes in solution, in solid matrices (e.g. polymers), and in the crystalline or powdered state. The photoluminescence properties of selected Yb III complexes in different matrices and aggregation states are exemplarily given in Table S6 . For these results reported by other groups, similar shortcomings of the measurement, therefore similarly high uncertainties in the order of up to 30%, should be taken into account (these uncertainties are those derived from uncertainty budgets, i.e. summing up uncertainties from all possible sources of uncertainty including those resulting from instrument calibration and the actual measurements; we are not simply referring to the relative standard deviations of the fluorescence measurements). 5, 6 Moreover, frequently, neither the instrument calibration nor other parameters affecting resulting PLQY values -like the wavelength range used for integration of the Yb III emission band -are provided. This point is of great relevance for Yb III , the emission of which extends over the broad and particularly challenging wavelength region from 900 to 1100 nm (see Fig. 4 and 5 in the main text). This surely affects the comparability of PLQY data of Yb III complexes. The emission spectrum of {Yb 2 } is characterized by broad features the unambiguous identification of which is challenging due to the nature of the investigated compound. For instance, the feature centered around 940 nm presumably follows from a combination of electron population partition between Stark sublevels and vibronic contributions. The energy difference between the first two Yb III 2 F 5/2 Mj levels (296 cm -1 , as obtained from ab initio calculations) is comparable to the energy separation between the 0'-0 line and the examined feature, and the Boltzmann distribution shows that a thermally-activated population of the first excited 2 F 5/2 Mj level occurs predominantly in the tested temperature range. This could partially explain the increased intensity of the signal around 940 nm. Additionally, Yb III is prone to marked electron-phonon coupling, 19 in particular when the nature of the chemical bonds is covalent rather than ionic. 20 This fosters the appearance of vibronic sidebands that can heavily contribute to determine the profile of the emission spectrum. In this context, the dinuclear nature of the {Yb 2 } complex makes it even more troublesome to univocally assign specific features of the spectrum, due to possible intramolecular Yb III -Yb III interactions.
